Earl)' identification of disahilities enahles early intervention
O ccupational therapists need to consider the relationship between early developmental status and later developmental outcomes when selecting assessment tools.The Bayley Scales of Infant Development (BSID) (Bayley, 1969) have been widely used by occupational therapists and other child development specialists with children between the ages of 2 and 30 months to assess mental and motor development. Although the BSID may provide a valid measurement of a child's cognitive and motor ability at the time of testing, the predictive value of the BSID and other infant tests has been questioned by many researchers (Berk, 1979; Lewis & McGurk, 1972; McCall, 1979; Pease, Wolins, & Stockdale, 1973; Ramsey, Campbell, & Nicholson, 1973) .
Most of these researchers have examined whether the BSID Mental Scale can predict a child's intelligence at a later age. The current general opinion is that this scale and other instruments measuring infant cognitive performzlI1ce cannot predict later intelligence. Studies of mental development in normal infants have demonstrated little or no relationship between mental ability in infancy and intelligence at a later age (Gannon, 1968; Goffeney, Henderson, & Butler, 1971; Lewis & McGurk, 1972; Pease, Wolins, & Stockdale, 1973) However, the older the child is at the first test, the better is the prediction, and correlations increase with shorter periods of time between measures (Gannon, 1968) Generally, predictions of later intelligence tend to be better for clinic populations, especially for groups of children with mental deficiency, than for normal samples. DeBose (1976) found that "infant intelligence tests are highly reliable predictors of later intellectual development when given to a population of multiply handicapped children" (p 388). She administered the BSID Mental Scale, the Infant Intelligence Scale, or the Merrill-Palmer Scale of Mental Tests on two occasions (mean elapsed time = 29 months) to 28 multiply disabled children. She divided these children into a younger (mean chronological age = 51 months) and an older (mean chronological age = 101 months) group. Pearson product-moment correlation coefficients were .69 for the younger group and .83 for the older group. Vanderveer and Schweid (1974) administered the BSID Mental Scale to 23 children suspected of being mentally retarded and ranging in age from 18 to 30 months. Between 1 and 3 years later, these children were reevaluated with either the BSID or the Stanforcl-Binet Intelligence Scale Despite Bayley's (1969) caution not to use the BSID scores as intelligence quotients, on the basis of these scores, Vanderveer and Schweid initially categorized 15 of the chilclren as moderately to profoundly retarded. Of these, 73% remained in that category at follow-up. These data in combination with data from a stucly by Goodman (1977) demonstrate adequate stability of scores in young mentally retarded populations. Ireton, Thwing, and Graven (1970) suggested that the greatest predictability for infant mental scores is in the low end of the distribution. Siegel (1981) assessed 148 infants, 80 of whom were preterm, using the BSID at 4, 8, 12, and 18 months. Scores for these children on the BSID Mental Scale at all four ages were significantly correlated (p < .01) with language development as measured by the Reynell Language Development Scale at 2 years. The lowest correlation (r = .26) was between the Mental Developmental Index (iVIDI, derived from the BSID Mental Scale) at 8 months and the Expression scale of the Reynell at 2 years; the highest correlation (r = .60) was between the MDI at 18 months and the Expression scale of the Reynell at 2 years. Siegel concluded that the BSID Mental Scale appeared to be useful in detecting many of the infants at risk for developmental delay.
In view of the literature documenting that bio logically high-risk infants are at risk for handicapping conditions ranging from minimal to severe (Drillien, 1972; Drillicn, Thomson, & Burgoyne, 1980; Robertson & Crichton, 1969) , there is a need to identify assessments that can successfully predict performance as the child matures Kopp and McCall (1986) , however, concluded that, except in extreme cases, infant tests have limited success in identifying those at-risk infants who subsequently develop educational problems. Thus, some researchers are looking for alternative measures of cognitive capacity during infancy. Using the measure of "sustained attention," Kopp and Vaughn (1982) assessed 76 preterm infants at 8 months of age. This measure proved to contribute significantly to the prediction of the 2-year status on the Bayley Mental Scale and on the Gesell schedules.
At the other end of the intelligence spectrum, Willerman and Fiedler's (1974) retrospective study results indicated that a superior group of children (with IQs of 140 or more at 4 years of age) were not generally advanced as infants. Their 8-month scores on the BSID Mental and Motor Scales could not be distingUished from the scores of other infants. Willerman and Fiedler concluded that "intellectually precocious 4-year-old children do not perform on infant tests in a fashion that would predict their outstanding intellectual achievement later" (p. 486) Similarly, McCall (1979) concluded that "infant tests appear to have greater prognostic value for mental subnormality than for normal or superior levels of performance" (p.712) Ramsey, Campbe!l, and Nicholson (1973) stated that when children are reared in a relatively homogeneous environment, standardized tests have greater predictive power. Ramsey et al. followed 24 children who were enrolled in a day-care center until they were 36 months of age. Three complete Bayley scores were obwined for the age ranges of 6 to 8 months, 9 to 12 months, and 13 to 16 months. The StanfordBinet was administered at 24 and 36 months, and the Illinois Test of Psycholinguistic Abilities CITPA) was administered at 36 months. In this study, the BSID predictive power ranged from r = .43 to r = .90. Ramsey et al. also compared the predictive values of the Bayley's Psychomotor Developmental Index (PDI) derived from the MotOr Scale and of the MDI. Results indicated that the MDI became more predictive of cognitive development over time, whereas the PDI became progressively less predictive of cognitive development. Berks (1979) results contrast with these findings. He examined the "discriminative efficiency" of the Bayley Motor and Mental Scales for classifying black infants as neurologically suspicious and neurologically normal. He administered the BSID to 194 black children at age 8 months and compared test results with results of neurological examinations conducted at ages 1 to 7 years. His results suggest that the Motor Scale prOVides the more accurate identification of black infants with suspected neurological impairments.
A thorough review of the literature uncovered
The American/ourna! ofOccupaliona! Therapy limited research on the ability of the 8sm to predict later motor and perceptual-motor developmenl. The purpose of this retrospective research study was [0 determine the extent to which developmental assessments using the BSID at 4 months, 1 year, and 2 years are related to gross motor and cognitive performance at 412 years in a sample of ch ildren identified as biologically high risk at birth. Such children are frequently referred to occupational therapy for developmental assessment.
Method
Subjects. The 70 subjects in this study were participants in the Neonatal Intensive Care Unit FollowUp Clinic at the University of Washington'S Child Development and Mental Retardation Center in Seattle, Washingtan. To be included in this longitudinal follow-up program, the children had to meet one or more of the follOWing criteria: survived ideopathic respiratory distress syndrome, weighed 1,500 grams or less at birth, and had a central nervous system infection or disorder, such as meningitis, during the first months of life.
The sample for this retrospective study consisted of 70 children who were identified at birth as highrisk infants and who were evaluated at the corrected ages of 4 months, 1 year, 2 years, and 412 years. Age corrections were made by adjusting chronological age to conceptual age. All children had data for BSID testing at 4 months (administered by registered physical therapists between 1412 and 19 1 12 weeks of age), 1 year (administered between 11 and 13 months of age by psychologists), and 2 years (administered between 22 and 26 months of age by psychologists). In addition, all children had scores for the Peabody Developmental Gross Motor Scale (PDGMS) (Folio & Dubose, 1974) and the Wechsler Preschool and Primary Scale of Intelligence (WPpsI) (Wechsler, 1963) for 412 years (administered between 52 apd 56 months of age). The PDGMS was administered by three occupational therapists. Psychologists administered the WPPSI.
As is typical of biologically high-risk popu lations, some of the children in this sample received therapeutic intervention. When histories of all 70 children were reviewed, 13 children were found to have received physical or occupational therapy or both. Compared with the other subjects, these children tended ta be of lower birthweight and earlier gestational age and had received lower APGAR scores.
The 4 12-year evaluations took place from 1979 to 1985. There were 39 boys and 31 girls, and all were Caucasian with the exception of one Native American child. One child with spastic hemiplegia and 3 children with spastic diplegia were included in the study. Additional characteristics of the subjects are reported in Table 1 .
Instruments. The Bayley Scales of Infant Development are indiVidually administered measures of the mental and motor development of children between the ages of 2 and 30 months. According to the BSID manual, the 163 items on the Mental Scale involve sensory-perceptual actiVities, memory, vocalization, and basic abstract thinking; the 81 items on the Motor Scale measure gross motor abilities, such as sitting and walking, and manipulatory skills of the upper extremities.
The unstandardized version of the Peabody Developmental Motor Scales (Revised Experimental Edition) was used for this study. This instrument is divided into two scales, the Fine Motor Scale and the Gross Motor Scale, that examine gross and fine motor skills in children between birth and 7 years. Only the Gross Motor Scale (PDGMS) was used for this study. The PDGMS includes items that assess balance, ballhandling skills, and developmental gross motor milestones, such as running, hopping, skipping, and jumping. The raw score used for analysis was the total number of items a child passed. The WPPSI consists of 11 subtests (6 verbal and 5 performance) for children 4 to 612 years of age. Verbal and performance scale IQs are obtained from this measure.
Interrater Reliability. For the PDGMS, interrater reliabilities were high (for Occupational Therapists 1 and 2, using a sample of 10 children, r = .99; for Occupational Therapists 1 and 3, using a sample of 8 children, r = .98). Interrater reliabilities were not available for the other measures. However, all testers had extensive experience in pediatric occupational or physical therapy or in developmental psychology and were trained to administer the standardized test or tests they used.
Statistical Analyses. Because the assumptions for the use of parametric statistics were met in this study, correlation coefficients were computed using the Pearson product-moment procedure. Because multiple comparisons were to be made, the alpha level was set at .01. In addition, this level seemed adviSable because with a sample size of 70, correlation coefficients significant at the .05 level might not be large enough to be clinically significant. 
Results
The test scores for all the subjects appelr in Table 2 On all me3sures, higher scores are indicative of higher levels of function For this high-risk sample. 311 means for T3SID scores, with the exception of the mean for the 12-month Motor SC3le scores, were above the normative means of 100. Likewise, tbe stanc!Jrcl deviations for the BSl D were of an expected magnitude for a normal population They ranged from 13.1 to 18.4. For the 4!h-year-testing. the means for the POGMS, WPPSI verbal, and WPPSI performance fell close to the means for normal children.
Correlations between scores on the BSID and scores l)n the PDGMS and WPPSl appear in Table 3 The -4-month scores on the Mental Scale ~lI1d the Motor Scale of the Bayley did not demonstrate a signific.ll1t relationship with later cognitive or motor performance When administered at 12 months. however, the Mental Scale of the I3ayley was significantly correlated with the PDGMS (p < .001) and WPPSI Verbal and Performance IQs (p <01) At the same age. the Motor Scale of the BS10 was significantly related only to the PDGMS (p<OOl) At 24 months. the Mental Scale of the BSID did not relate signifiGmtly to the PDGMS; however. it did correlate significantly with both Verbal and Performance IQs (p < 001) The BSID Mocor Scale when administered at 24 months related significantly (p < .001) only to the PDGMS It should be noted that even those relationships that were significanc were. at best, weak to moderate.
Discussion
With this sample of high-risk subjects, assessmenc made at 4 months with the BSID did not correlate significantly with either motor or cognitive perfor- A significant relationship was seen between tbe 12-l11onth BSID scores and preschool motor and cognitive performance. It is interesting to note that in 3ddition to being significantly rel3ted to verbal and performance lQs, the BS1D Mental Scale was significantly related co the gross motor measure (PDGMS) This finding suggests that, in part, the BSID Mental ScaJe is measuring motor ability Therefore, therapists should be careful not to attribute all of a child's performance on the BSI D Mental Scale to cognitive ability It is possible that a depressed score may be reJated to deficits in motor function. At this same age, the BSI D Motor Scale was significantly correlated with the POGMS and was not significantly related to either verbal or performance IQs. These findings 3re consistent with the writings of Elkind (1974) , who contended that "infanl tests measure primarily sensorimotor function" (p 6) Though several of the correlations hetween the I3ayley Scales and the measures of motor and cognitive performance were significant, the magnitudes of these correlation coefficients were small. The square of a correlation coefficient (?) can be interpreted as tbe proportion of variance in one variable that is attributable to differences in a second variable (lvlcCall, 1970) . hence even those relationships that were significant accounted for onlv between 11 % and 21 % of the variance. This finding ;uggests that only a small part of the performance at 4 V2 years can be explained by children's scores on the BSIO (Mental or Motor Scales) at either 12 or 24 months. Thus, (he rapists and other professionals making assessments should be extremely cautious about using BSID testing at these ages in attempting to predict later preschool performance.
In this study, the decision was made to use a biologically high-risk sample because such children are most often referred for developmental assessment Thirteen of the 70 subjects had received therapy, and if that therapy was effective, it could have resulted in an underestimate of the true correlations. Obviously, for ethical reasons, therapy cannot be withheld in studies of this nature An alternate way to control for the possible effects of therapy would be to eliminate subjects receiving intervention. This procedure, however, would change the group composition Therefore, the researchers chose to include children receiving therapy in the original analyses, and to do post hoc analyses for children who had not received therapy. Correlations for the "no-therapy" subgroup were similar to or lower than the correlations for the total sample.
Although the present study adds to the understanding of the relationship between BsrD scores at three stages in infancy and later preschool performance in a sample of biologically high-risk infants, its contribution should be interpreted in light of two limitations. First, because this was a retrospective study, interrater reliabilities were not available for either the BsrD or the \XIPPSI. Second, the sample was not selected randomly. Though the children in this study were identified as biologically high risk, they may not be representative of high-risk children as a whole because only a small proportion of the potential subjects at the clinic returned for all followup visits. Thus, caution is indicated in generalizing the results until similar studies have been conducted with other high-risk samples of candidates for early developmental screening. Only further research will provide a thorough understanding of the relation between early assessment using the BsrD and later preschool motor and cognitive performance.
